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Frequency dispersion of the drain conductance was observed in AlGaN/GaN high electron mobility transistors (HEMTs). The
transition frequency shifted to higher frequencies with increasing temperature. The activation energy for the change of the
transition frequency was 0.47 eV, which was almost the same as that obtained by the measurement of the temperature
dependence of the low-frequency noise. [DOI: 10.1143/JJAP.42.424]
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AlGaN/GaN high electron mobility transistors (HEMTs)
are expected to offer superior performance in high-power
and high-temperature applications.1,2) However, there is
some concern regarding the effects of misfit dislocation such
as low-frequency noise and frequency dispersion of the drain
current. These phenomena limit the performance in applica-
tions, such as nonlinear circuits that have noise up conver-
sion. Low-frequency noise of AlGaN/GaN HEMTs has been
studied by many groups.3–6) However, only a few studies
have been reported on the frequency dispersion of the drain
current.7) Therefore, it is important to study the frequency
dispersion in order to fully understand the transient behavior
of the device. In this study, we measured the frequency
dispersion of the drain current of AlGaN/GaN HEMTs
fabricated on a sapphire substrate at various temperatures.
The results were compared with those of the low-frequency
noise measurement.

The AlGaN/GaN HEMTs were fabricated on an metal
organic chemical vapor phase deposition (MOCVD) epitax-
ial wafer grown on a (0001) sapphire substrate. The epitaxial
layer structure was i-AlGaN(5 nm)/n-AlGaN(10 nm, 4�
1018 cm�3)/i-AlGaN(5 nm)/i-GaN(3 mm)/i-AlN(40 nm). The
AlN mole fraction of the barrier layer was 0.3. The device
was isolated by mesa etching using Ar ion milling. The gate
length was 1.3 mm and the device had no passivation film.
The threshold voltage was approximately �4V and the
transconductance was 113mS/mm. Details of the device
performance and its temperature dependence are reported
elsewhere.8,9)

The frequency dispersion of the drain conductance was
measured using an impedance analyzer. The frequency range
was 10Hz to 1MHz. The device was placed on a heating
stage of a prober to measure the temperature dependence.
All frequency dispersion measurements were performed
under dark conditions.

Figure 1 shows typical frequency dispersion in the drain
conductance at various temperatures. Drain and gate
voltages were 10V and 0V, respectively. The drain
conductance increases with increasing frequency and shows
a tendency of saturation. The negative conductance at low
frequencies is probably due to the heating effect that causes
negative resistances because of the drain current decrease at
large drain voltages. The frequency dispersion behavior of
the drain conductance can be explained by the drain current
transient caused by the trap.10) The transition frequency
shifts to higher frequencies with an increase in temperature
as shown in the figure. The drain susceptance was also
measured to define the transition frequency as shown in the
lower part of Fig. 1. It shows a well defined peak. The peak

frequency corresponds to the transition frequency as dis-
cussed in ref. 11. The shift of the transition frequency with
temperature is utilized to determine an activation frequency.
The Arrhenius plots of the time constant obtained as an
inverse of the transition frequency are shown in Fig. 2 by
closed squares. The activation energy of the present
frequency dispersion was 0.47 eV.

In order to study the relation between the frequency
dispersion and the low-frequency noise, the low-frequency
device noise was also measured at various temperatures

Fig. 1. Frequency dispersion of the drain conductance and drain suscep-

tance of AlGaN/GaN HEMT at various temperatures. VDS ¼ 10V,

VGS ¼ 0V.

Fig. 2. Arrhenius plots of the time constant.
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using a spectrum analyzer. The measured noise spectrum
follows an almost 1=f trend in addition to the Lorentz-type
noise bulge which was superimposed on a background of
1=f noise. Lorentz noise reflects the existence of the
generation-recombination noise. In order to evaluate the
corner frequency of the Lorentz noise, SI (noise power
spectral density) � frequency products were plotted as a
function of frequency as shown in Fig. 3. The peaks
indicated by arrows that corresponds to the corner frequency
shift to the higher frequencies with increasing temperature.

The Arrhenius plots of the time constant obtained as an
inverse of the corner frequency are shown in Fig. 2 by
closed circles. The activation energy of the present G–R
noise was 0.43 eV, which was almost same the as that of the
frequency dispersion. Moreover, the measured time con-
stants were plotted at almost the same positions in the
Arrhenius plots. This means that the capture cross section of
the traps obtained by both frequency dispersion and low-
frequency noise is almost same. These results suggest that
present frequency dispersion has the same origin as the low-
frequency noise. Based on the experimental result that no
noise bulge was observed in the AlGaN/GaN metal–

insulator–semiconductor HEMTs (MIS-HEMTs) with a
Si3N4 gate insulator which acted as both gate insulator and
surface passivation film,12) the traps, which produced the
above-mentioned noise bulge and frequency dispersion, are
suggested to originate from surface states.

In summary, we have studied the frequency dispersion of
the drain conductance in AlGaN/GaN HEMTs. The transi-
tion frequency shifted to higher frequencies with an increase
in temperature. The activation energy for the change of the
transition frequency was 0.47 eV, which was almost the
same as that obtained by the measurement of the temperature
dependence of the low-frequency noise. It is suggested that
the present conductance dispersion has the same origin as
the low-frequency noise.
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Fig. 3. Low-frequency noise spectra at various temperatures. VDS ¼ 10V,

VGS ¼ 0V.
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